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OBJECTIVES The aim of this study was to examine participation in cardiac rehabilitation after myocardial
infarction (MI) by age and gender and the association of participation with survival.
BACKGROUND Lesser participation in cardiac rehabilitation has been reported for women and the elderly.
METHODS All incident MIs in Olmsted County were validated. Baseline characteristics and outcomes
were ascertained from the medical record. Logistic regression examined the association
between participation, age, and gender. Propensity scores were used to examine the
association between participation and outcome.
RESULTS Among 1,821 persons with incident MI (58% men, 46% age 70 years), 55% participated in
cardiac rehabilitation. Participants were more likely to be men, younger, and have fewer
comorbidities (p  0.01 for all comparisons). After adjustment, women were 55% less likely
to participate than men (odds ratio [OR] 0.45, 95% confidence interval [CI] 0.34 to 0.60),
and persons 70 years or older were 77% less likely to participate than persons younger than
60 (OR 0.23, 95% CI 0.16 to 0.33). Participants had a lower risk of death and recurrent MI
at three years (p  0.001 and p  0.049, respectively). The survival benefit associated with
participation was stronger in more recent years (relative risk [RR] for 1998 vs. 1982 0.28, 95%
CI 0.18 to 0.43; RR for 1990 vs. 1982 0.41, 95% CI 0.33 to 0.52).
CONCLUSIONS Approximately half of the patients participated in cardiac rehabilitation after MI. Participa-
tion did not increase over time. Women and elderly persons were less likely to participate,
independently of other characteristics. Participation in rehabilitation was independently
associated with decreased mortality and recurrent MI, and its protective effect was stronger in
more recent years. (J Am Coll Cardiol 2004;44:988–96) © 2004 by the American College
of Cardiology Foundationm
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is fatalities after acute myocardial infarction (AMI) are
ecreasing (1,2), the population of myocardial infarction
MI) survivors, candidates for secondary prevention, is
rowing. Moreover, this population is increasingly more
omposed of women and elderly persons (3) toward whom
econdary prevention efforts thus increasingly pertain.
American College of Cardiology guidelines underscore
he importance of cardiac rehabilitation as a vehicle to
chieve necessary lifestyle modifications after AMI (4,5).
urthermore, as hospital stays for AMI have dramatically
ecreased over time, thereby reducing the opportunity for
n-hospital risk factor interventions, outpatient cardiac rehabil-
tation programs have gradually broadened their scope to
ecome an important avenue for secondary prevention (6).
Contrasting the reduction in hospital stay after MI and
he displacement of the burden of coronary disease toward
omen and the elderly, participation in cardiac rehabilita-
ion has previously been low (4,7), particularly among
omen and older individuals (8–10). Should these patterns
f care persist, they would uncover secondary prevention
aps and opportunities for improvement in care. Further-
From the Divisions of *Cardiovascular Diseases and Internal Medicine, †Epi-
emiology, and ‡Biostatistics, Mayo Clinic and Foundation, Rochester, Minnesota.
upported in part by grants from the Public Health Service, National Institutes of
ealth (AR30582 and HL59205) and the Fanny E. Rippel Foundation. Dr. Roger is
n Established Investigator of the American Heart Association.
Manuscript received February 4, 2004; revised manuscript received May 11, 2004,mccepted May 18, 2004.ore, although earlier studies reported beneficial impact of
ardiac rehabilitation on outcomes, these data were gener-
ted by small trials that predate the reperfusion era and
ncluded primarily middle-aged men (11,12). Thus, these
ndings may not be generalizable to the contemporary
opulation or treatments in AMI.
This study was undertaken to address these gaps in
nowledge and to examine participation in cardiac rehabil-
tation after MI in the community. It aimed to test the
ypothesis that women and the elderly were less likely to
articipate in rehabilitation and to examine the association
etween participation and survival.
ETHODS
tudy setting. This study was conducted in Olmsted
ounty, Minnesota. Although the diversity of the Olmsted
ounty population is increasing, as shown by the 2000
ensus (13), the characteristics of the Olmsted County
opulation during the study period were similar to those of
.S. whites. Epidemiologic studies in Olmsted County are
ossible because the county is relatively isolated from other
rban centers and only a few providers deliver nearly all
ealth care to local residents. Health care providers in
lmsted County include the Mayo Clinic, Olmsted Med-
cal Center, and a handful of private practitioners. Each
edical provider uses a comprehensive medical record
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September 1, 2004:988–96 Cardiac Rehabilitation After MIystem in which the details of every encounter are entered
nd can be easily retrieved. Medical records are identified
nder the auspices of the Rochester Epidemiology Project,
record-linkage system that allows the indexing of all
edical records of Olmsted County residents according to
linical and pathologic diagnoses, surgical procedures, and
illing information. This indexing system enables the re-
rieval of all medical record data for use in research studies
nd ensures complete capture of all health care-related
vents occurring in Olmsted County for county residents.
eath certificates are also indexed according to cause of
eath. This centralized system encompasses the medical
ecords of a population representing an estimated 3,600,000
erson-years of health care; its potential is described else-
here (14,15). It is especially valuable to capture outpatient
are processes (16) such as cardiac rehabilitation.
ssembling the MI incidence cohort. The methods used
o assemble a cohort of patients with incident (first ever) MI
ollowed standardized surveillance methods (17) and have
een reported in detail elsewhere (3,18). Briefly, all patients
ismissed from Olmsted County hospitals between 1982
nd 1998 with a diagnosis compatible with MI as defined by
odes from the ninth revision of the International Classifi-
ation of Diseases (ICD-9) were enumerated. Target codes
ncluded 410 (AMI), 411 (other acute and subacute forms
f ischemic heart disease), 412 (old MI), 413 (angina
ectoris), and 414 (other forms of ischemic heart disease).
ll events coded as 410 and samples of other coronary heart
isease (CHD) codes (411 to 414) were reviewed using
ampling fractions analogous to those used in other studies
17). Trained abstractors reviewed criteria for residency in
lmsted County and ascertained incident status through
omplete review of the record. Information was also col-
ected on cardiac pain, creatine phosphokinase (CK) values
transcribed for up to 3 determinations on each of the first
days after hospital admission), and date and time of the
lectrocardiograms (ECGs). The reliability of this method
as been described elsewhere (3,18). Copies of up to three
CGs (first day of the event or hospital admission, third day
f hospitalization, and last day of hospitalization) were
rinted and sent to the Electrocardiogram Reading Center
t the University of Minnesota to be assigned a Minnesota
Abbreviations and Acronyms
AMI  acute myocardial infarction
CHD  coronary heart disease
CI  confidence interval
CK  creatine phosphokinase
ECG  electrocardiogram/electrocardiographic
LVEF  left ventricular ejection fraction
MI  myocardial infarction
OR  odds ratio
RR  relative riskode (19). Standard epidemiologic criteria were applied to ussign MI diagnosis on the basis of cardiac pain, enzyme
alues, and Minnesota Coding of the ECG.
aseline characteristics, end point definitions, and ascer-
ainment. Clinical diagnoses were used to define cardio-
ascular risk factors. Because of the change over time in
ormal values, peak CK ratio (maximum CK value divided
y the upper limit of normal) was used. Comorbidity was
easured by the Charlson index, a validated measure of
omorbidity (20). Reperfusion therapy was defined as
hrombolysis or coronary angioplasty within 24 h after
dmission. Ejection fraction was defined as the left ventric-
lar ejection fraction (LVEF) measured within 30 days of
he index MI.
Participation was defined as documented attendance in
he medical record to the first session of structured outpa-
ient cardiac rehabilitation programs in Olmsted County
nd included supervised exercise as well as counseling and
ducation sessions. Follow-up was accrued by passive sur-
eillance through the community inpatient and outpatient
edical records. The procedures used to ascertain deaths in
he study have been described elsewhere (18). Briefly,
ollow-up for mortality was obtained through community
edical records, death certificates, and obituary notices.
eaths were classified into cardiac, cancer, and other causes,
ased on the underlying cause of death on the death
ertificates. Recurrent MI was ascertained by review of the
edical record on the basis of enzyme levels and ECG
hanges.
tatistical analysis. The first analyses tested the hypothesis
hat female gender and more advanced age were associated
ith lesser participation in cardiac rehabilitation indepen-
ently of other characteristics.
Bivariate associations between participation in cardiac
ehabilitation and selected baseline characteristics were de-
ermined using chi-square tests for categorical variables and
tests for continuous variables. Results were reported as
dds ratios (OR) with 95% confidence intervals (CI). With
ge and gender being considered as the exposures of
nterest, potential confounders of the relationship between
ender or age and participation in cardiac rehabilitation
ere identified and entered into a multivariable logistic
egression model to analyze the independent association
etween participation in cardiac rehabilitation and age or
ender.
Survival and survival free of recurrent MI were analyzed
sing the Kaplan-Meier method. Overall survival was com-
ared with the expected survival of the Minnesota total
opulation.
Because of marked differences between participants and
on-participants in cardiac rehabilitation, propensity scores
ere used to adjust for the characteristics associated with
articipation in cardiac rehabilitation. We fitted a logistic
egression model that predicted whether a person would
articipate in cardiac rehabilitation as a function of 16
ariables, including demographic and clinical characteristics,
se of reperfusion therapy, whether a cardiologist was the
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Cardiac Rehabilitation After MI September 1, 2004:988–96rimary attending physician or serving as a consultant, and
easurement of the ejection fraction within 30 days after
I. This model was used to determine propensity scores
hat were used to analyze survival. First, survival at three
ears was compared between participants and non-
articipants stratified according to the estimated propensity
o participate. We then examined the association between
urvival during the entire follow-up and participation in
ardiac rehabilitation, while controlling for the propensity
o participate in a Cox proportional hazards regression
odel. Results were reported as relative risks (RR) with
5% CI.
Population-attributable risks were calculated to estimate
he proportion of deaths that could be attributed to non-
articipation in cardiac rehabilitation. A nonlinear effect of
ear of MI was accounted for by testing for a quadratic term
n the models, and tests for interaction between participa-
ion and age and gender were conducted.
All analyses were weighted to account for the sampling
trategy, where the weights applied were the inverse of the
ampling fractions for each ICD-9 target code used to ascer-
ain MI. Specifically, a weight of 1 was used for ICD-9 code
10, a weight of 2 for code 411, and weights of 10 for codes
12 to 414. Analyses were performed using the statistical
oftware packages S-Plus, version 6.0.4 (Insightful Corp.,
ucent Technologies, Seattle, Washington) and SAS, version
able 1. Characteristics of 1,821 Incident MIs Eligible to Partici
Overall
N
ge, yrs (SD) 67 (14)
omen, n (%) 765 (42)
iabetes mellitus, n (%) 351 (19)
ypertension, n (%) 1,027 (56)
urrent smoker, n (%) 544 (30)
yperlipidemia, n (%) 623 (34)
amilial history of heart disease, n (%) 389 (23)
ersonal history of heart disease, n (%) 1,196 (66)
harlson index, n (%)
0 793 (44)
1 or 2 672 (37)
3 or more 356 (20)
jection fraction, mean (SD) 50 (15)
ody mass index, kg/m2 (SD) 27 (6)
K peak, n (%)
Tertile 1 589 (35)
Tertile 2 544 (32)
Tertile 3 514 (30)
ardiologist involved in care, n (%)
None 140 (8)
As main care provider 1,536 (86)
As consultant 130 (7)
eperfusion, n (%) 597 (33)
edications at discharge
Aspirin 1,213 (67)
Beta-blockers 993 (55)
ACE inhibitors 349 (19)
Statins 196 (11)
CE  angiotensin-converting enzyme; CK  creatine phosphokinase; MI  myo.2 (SAS Institute Inc., Cary, North Carolina). Missing values tid not exceed 5% for any of the variables used in the
egression analysis. A p value of 0.05 was selected for the
hreshold of statistical significance, except when testing for
nteractions where p values up to 0.10 were considered signif-
cant. This study was approved by the Mayo Foundation
nstitutional Review Board.
ESULTS
aseline characteristics. Between 1982 and 1998, 2,019
ersons with an incident MI were hospitalized in Olmsted
ounty. Among these, 198 died in hospital and were thus
neligible to participate in rehabilitation. These persons
ere excluded from analyses and, compared with study
ubjects, were older, more likely to be women, to have
igher peak CK values, and to have greater comorbidity
p  0.01 for all comparisons). Of the 1,821 remaining
tudy subjects, 765 (42%) were women and 839 (46%) were
ge 70 years and older. Their baseline characteristics are
resented in Table 1. Over time, the mean age of the study
ubjects increased, as did the proportion of women and the
umber of comorbid conditions (p  0.05 for all time
rends).
articipation in cardiac rehabilitation. Overall, 55% of
ersons with incident MI dismissed from the hospital
articipated in cardiac rehabilitation. Among women, par-
in Cardiac Rehabilitation
diac Rehabilitation
(n  812)
Cardiac Rehabilitation
(n  1,000) p Value
74 (13) 61 (12) 0.001
468 (58) 292 (29) 0.001
212 (26) 139 (14) 0.001
526 (65) 494 (49) 0.001
169 (21) 370 (37) 0.001
240 (30) 380 (38) 0.001
109 (15) 277 (29) 0.001
560 (69) 631 (63) 0.010
0.001
215 (26) 574 (57)
332 (41) 337 (34)
265 (33) 89 (9)
47 (16) 53 (13) 0.001
27 (6) 28 (5) 0.001
0.046
280 (37) 305 (32)
227 (30) 315 (33)
216 (29) 295 (31)
0.001
120 (15) 19 (2)
595 (74) 938 (94)
92 (11) 36 (4)
138 (17) 457 (46) 0.001
469 (58) 742 (75) 0.001
336 (42) 656 (66) 0.001
180 (22) 168 (17) 0.005
54 (7) 142 (14) 0.001
l infarction.pate
o Caricipation was 38% compared with 67% among men (OR
0
d
t
y
6
o
r
a
o
p
w
w
L
w
p
i
c
i
t
w
g
d
t
c
p
i
o
w
i
o
a
i
t
O
y
O
P
t
r
f
s
M
F
1
i
T
C
U
M
*
c
d
L
r
991JACC Vol. 44, No. 5, 2004 Witt et al.
September 1, 2004:988–96 Cardiac Rehabilitation After MI.30; 95% CI 0.25 to 0.37, p  0.001). Participation
eclined with increasing age, with 81% of persons younger
han age 60 years participating, 66% of persons age 60 to 69
ears, and 32% of persons age 70 years and older (age 60 to
9 years: OR 0.46, 95% CI 0.34 to 0.61; age 70 years and
lder: OR 0.11, 95% CI 0.09 to 0.14). Participation
emained stable over time (p  0.22) among both genders
nd age groups (Fig. 1). Participants exhibited similar trends
ver time in baseline characteristics as the whole study
opulation with trends toward increasing age, proportion of
omen, and comorbidity.
Increased participation in rehabilitation was associated
ith smoking, hyperlipidemia, greater body mass index,
VEF, and a familial history of heart disease. Participation
as greater if a cardiologist was involved in the care of the
atient at the time of index MI, with a graded response
ndicated by the strongest association with participation if a
ardiologist was the primary care provider compared with
nvolved in a consultative manner or not involved (p for
rend 0.001). Use of reperfusion therapy was associated
ith greater participation in cardiac rehabilitation.
Lesser participation was associated with older age, female
ender, personal history of heart disease, hypertension,
iabetes mellitus, and comorbidities. The negative associa-
ion between participation in cardiac rehabilitation and
igure 1. Time trends in participation in cardiac rehabilitation between
982 and 1998, expressed as percentage of the total number of myocardial
nfarctions (MIs) occurring in each year by gender (A) and age (B).omorbidity exhibited a dose-response effect, with partici-ation decreasing further as the number of comorbidities
ncreased. Participation was not associated with the season
f the year when the index MI occurred.
After adjustment for coexisting conditions associated
ith participation in cardiac rehabilitation (including year of
ndex MI, comorbidity, peak CK ratio, LVEF, involvement
f cardiologist in care, reperfusion therapy, hyperlipidemia,
nd familial history of coronary disease), there were strong
ndependent negative associations between lower participa-
ion in cardiac rehabilitation and female gender (adjusted
R 0.45, 95% CI 0.34 to 0.60) and older age (age 60 to 69
ears: OR 0.60, 95% CI 0.41 to 0.88; age 70 years and older:
R 0.23, 95% CI 0.16 to 0.33) (Table 2).
articipation in cardiac rehabilitation and outcome. Af-
er 6.6  4.6 years of follow-up, 774 deaths and 493
ecurrent MIs occurred. The Kaplan-Meier survival curves
or the cohort stratified by participation in rehabilitation are
hown in Figure 2 as well as the expected survival of the
innesota total population.
able 2. Characteristics Associated With Participation in
ardiac Rehabilitation
OR (95% CI) p Value
nivariate analysis
Age
60 yrs 1 0.001
60–69 yrs 0.46 (0.34–0.61)
70 yrs 0.11 (0.09–0.14)
Female gender 0.30 (0.25–0.37) 0.001
Diabetes mellitus 0.46 (0.36–0.58) 0.001
Hypertension 0.53 (0.44–0.64) 0.001
Current smoker 2.22 (1.80–2.75) 0.001
Hyperlipidemia 1.46 (1.20–1.78) 0.001
Familial history of heart disease 2.34 (1.83–3.00) 0.001
Personal history of heart disease 0.77 (0.63–0.94) 0.010
Charlson index
0 1 0.001
1 or 2 0.38 (0.31–0.47)
3 or more 0.13 (0.09–0.17)
BMI (kg/m2, per unit of BMI) 1.04 (1.02–1.05) 0.001
LVEF (%, per unit EF) 1.03 (1.02–1.04) 0.001
Peak CK
Tertile 1 1 0.138
Tertile 2 1.27 (1.01–1.61)
Tertile 3 1.25 (0.99–1.59)
Involvement of cardiologist in care 0.001
None 1
As consultant 2.5 (1.3–4.6)
As primary care provider 10.0 (6.1–16.3)
Reperfusion 3.97 (3.18–4.97) 0.001
ultivariable analysis*
Age 0.001
60 yrs 1
60–69 yrs 0.60 (0.41–0.88)
70 yrs 0.23 (0.16–0.33)
Female sex 0.45 (0.34–0.60) 0.001
Adjusted for year of index MI, comorbidity, peak CK ratio, involvement of
ardiologist in care, reperfusion therapy, hyperlipidemia, familial history of coronary
isease, and LVEF.
BMI  body mass index; CK  creatine phosphokinase; EF  ejection fraction;
VEF  left ventricular ejection fraction; MI  myocardial infarction; OR  odds
atio.Participants exhibited a marked survival advantage as
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Cardiac Rehabilitation After MI September 1, 2004:988–96ompared with non-participants, with three-year survival of
5% (95% CI 93% to 96%) compared with 64% (95% CI
1% to 68%) among non-participants (log-rank p value
0.001). The three-year survival among non-participants
as significantly lower than the expected survival of the
innesota total population at 83% (p 0.001). Conversely,
here was no difference between the three-year survival
mong participants and the 95% expected survival of the
innesota total population (p  0.34).
When patients were stratified by the propensity to par-
icipate in cardiac rehabilitation, survival remained greater
mong patients who participated in cardiac rehabilitation
han among non-participants. Figure 3 shows the mortality
hree years after the index MI according to quartiles of the
ropensity to participate. As shown, mortality was lower
mong persons in the highest quartile of propensity to
articipate, and importantly within each quartile of propen-
ity, mortality was consistently lower among participants
han among non-participants. The benefit associated with
articipation was large, with values for the relative reduction
n mortality of 63%, 67%, 72%, and 78% in quartile 1
lowest propensity) to 4 (highest propensity), respectively, as
ompared with non-participants. No difference in the mag-
itude of the relative reduction in mortality was detected
p  0.79).
When the attributable risk of death related to non-
igure 2. Expected and observed survival by participation in cardiac
ehabilitation. (A) non-participants; (B) participants.articipation was calculated by quartiles of the propensityo participate, the attributable risk was the largest among
ndividuals with the lowest propensity to participate
Table 3). Indeed, in the first quartile of propensity, the
ttributable risk of death was 0.29 (95% CI 0.14 to 0.45),
ndicating that, within this quartile, up to 29% of the
eaths could be attributed to non-participation.
In a proportional hazards regression model, cardiac reha-
ilitation after MI was univariately associated with a marked
mprovement in survival (RR 0.18; 95% CI 0.16 to 0.22).
djusting for the propensity to participate attenuated this
ssociation; however, participation in cardiac rehabilitation
emained associated with a 56% improvement in survival
ost MI (RR 0.44; 95% CI 0.36 to 0.54; p  0.001), which
as similar across age and gender groups.
With regard to recurrent MI, participation in cardiac
ehabilitation was associated with a 28% reduction in the
isk of recurrent MI after adjustment for propensity score,
ge, and gender (RR 0.72, CI 0.52 to 0.99, p  0.049).
To assess the robustness of the protective effect of cardiac
ehabilitation on survival, several ancillary analyses were con-
ucted. First, adjustment for the use of reperfusion therapy or
ischarge medications (beta-blockers, angiotensin-converting
nzyme inhibitors, aspirin, or statins) did not alter the protec-
igure 3. Mortality within three years after myocardial infarction by
articipation in rehabilitation stratified by quartile of propensity to partic-
pate. *p  0.001 for comparison between participation and no participa-
ion; **p  0.005.
able 3. Attributable Risk of Non-Participation, in the Entire
ohort, Stratified by Age and Gender and Quartile of
ropensity Score
Attributable
Risk (95% CI)
verall 0.48 (0.43–0.53)
en 0.55 (0.47–0.64)
omen 0.39 (0.33–0.45)
ge 70 yrs 0.27 (0.20–0.35)
ge 70 yrs 0.44 (0.36–0.52)
st quartile of propensity score* 0.29 (0.14–0.45)
nd quartile of propensity score 0.28 (0.17–0.38)
rd quartile of propensity score 0.17 (0.07–0.28)
th quartile of propensity score 0.17 (0.07–0.28)
1st quartile represents those with the lowest propensity to participate, whereas those
n the 4th quartile have the highest propensity to participate.CI  confidence interval.
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September 1, 2004:988–96 Cardiac Rehabilitation After MIive effect of rehabilitation against death or recurrent MI. A
econd analysis evaluated the possibility of factors not
aptured within the propensity score as confounders of the
ssociation between rehabilitation and survival by censoring
ll deaths within the first two years after the MI. This
ielded a RR of 0.52 (95% CI 0.41 to 0.66; p  0.001),
onfirming that the protective association between rehabil-
tation and survival persisted after excluding early deaths
otentially related to comorbid conditions not captured by
he Charlson index.
A third analysis examined these associations over time
nd demonstrated that the protective effect of rehabilitation
as stronger in more recent years (p value for the partici-
ation by year interaction 0.013). The RR of death for
articipation versus no participation was 0.41 (95% CI 0.33
o 0.52) for 1990 as compared with 1982 and 0.28 (95% CI
.18 to 0.43) for 1998 as compared with 1982. Over time,
he study group as a whole, and participants in rehabilitation
n particular, aged and comprised a growing proportion of
omen with increasingly greater degrees of comorbidity,
hus at greater risk of death. Thus, this provided reassurance
gainst confounding by secular trends in the baseline char-
cteristics as an alternative explanation for the increase in
he protective effect of rehabilitation in more recent years.
ISCUSSION
n this community-based cohort, approximately half of the
atients participated in cardiac rehabilitation after MI, and
he use of rehabilitation did not increase over time. There
ere disparities in participation in cardiac rehabilitation
fter MI, with women and elderly persons less likely to
articipate independently of other measurable characteris-
ics, including cardiac risk factors, comorbidity, and MI
haracteristics. Participation in cardiac rehabilitation after
I was associated with large survival benefits in both
enders and all age groups even after adjustment for the
ropensity to participate. This survival benefit appeared
reater in more recent years, suggesting that the effective-
ess of cardiac rehabilitation may have increased over time.
articipation in cardiac rehabilitation. National guide-
ines and experts recommend the use of cardiac rehabilita-
ion after MI (4,5,21). As hospital stays decrease, cardiac
ehabilitation is assuming an increasingly important role in
econdary prevention. In contrast with its growing impor-
ance, there is little contemporary information on the use of
ardiac rehabilitation after MI and essentially no published
ata on how participation may have changed over time.
Earlier studies reported that women and the elderly were
ess likely to participate in cardiac rehabilitation (7–10).
ost published studies, however, include a preponderance
f men and younger patients who experienced an MI in the
arly 1990s and were seldom treated with reperfusion
herapy; thus, these studies may be of limited relevance to
ontemporary patients and treatments. A notable exception
onsists of a recent report from the United Kingdom that cnderscored the lower use of cardiac rehabilitation among
omen (22). However, this report did not include patients
lder than age 70 years, did not adjust for comorbidity, and
ombined angina and MI in its analysis, thus leaving the
ossibility of selection bias and large residual confounding
s an alternate explanation for the reported association
etween female gender and use of rehabilitation.
The present study provides new information that helps
ddress this gap in knowledge by reporting that over time
he use of cardiac rehabilitation, although higher than
ational use (7) in the 1990s, remained stable over the past
wo decades and has been consistently lower among women
nd persons of more advanced age. There is evidence that
omen receive fewer primary prevention services before the
iagnosis of CHD (23), which extends (24–29) the evi-
ence of lesser use of cardiac procedures among women
hen the diagnosis of CHD is not established (24–30). In
he setting of overt CHD, however, the use of cardiac
ervices seldom differs by gender (30), and cardiac rehabil-
tation thus constitutes, as shown herein, a distinct excep-
ion to the published literature. With regard to age, previous
eports underscored a lower use of cardiac rehabilitation in
he elderly (8–10) but seldom took into account coexisting
llnesses that could affect participation. The present study
xtends those findings by indicating that older age was
ssociated with markedly lower participation independent of
omorbidity.
These data are particularly noteworthy because women
nd the elderly constitute an increasingly larger proportion
f persons with MI and can unequivocally experience large
hysiologic benefits from cardiac rehabilitation
6,8,9,12,31–40). To this end, although women and elderly
atients have reduced exercise capacity at entry into reha-
ilitation (31,39,41–43), their relative improvements in
xercise capacity are greater than those of men and younger
ersons (33,34).
Although this study was not designed to identify barriers
o participation, insights into barriers can be inferred from
his analysis. Indeed, comorbidities (6), which often limit
articipation, were adjusted for in the analysis using a
omprehensive validated index (20). Thus, residual con-
ounding by a major comorbid condition not included in
his index is unlikely to account for the strong independent
ffect of age and gender on participation. Similarly, insur-
nce coverage is unlikely to play a major role as the majority
f the population of Olmsted County has health insurance
44). Additional barriers to participation not captured by the
resent study design may include awareness and perception,
ransportation, spousal care, and support networks
8,9,31,34,35,45).
ardiac rehabilitation and outcome. Cardiac rehabilita-
ion improves numerous intermediate end points, including
xertional ischemic symptoms, depression and hostility
cores, overall feelings of wellness (9,31,34,37), understand-
ng of the disease, and compliance with risk factor modifi-
ation (6,46,47).
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Cardiac Rehabilitation After MI September 1, 2004:988–96With regard to survival, earlier randomized trials assess-
ng the efficacy of cardiac rehabilitation after MI have been
imited by small sample size. When the results of individual
rials were pooled, cardiac rehabilitation was associated with
urvival gains of 20% to 30% (11,12,48). As these trials were
onducted in the 1980s, it is uncertain that these data can be
eneralized to contemporary practice; furthermore, most
tudies included middle-aged men so that their generaliz-
bility to contemporary patients with MI is uncertain. The
resent study contributes to address this gap in knowledge
y indicating that substantial survival benefits are associated
ith participation in cardiac rehabilitation in a geographi-
ally defined, non-selected cohort of patients with MI.
hen the magnitude of these benefits was examined
ccording to time, the magnitude of the survival advantage
bserved herein in the early 1980s was similar to that
eported in randomized trials during the same period. It is
oteworthy that the survival benefit associated with partic-
pation in rehabilitation is greater in more recent years,
erhaps pointing to the gradually broadened scope of
ardiac rehabilitation and the increasing importance of
mbulatory management of CHD (6).
Two main factors could explain the survival benefit
ssociated with cardiac rehabilitation. First, unmeasured
ariations in patients’ severity of illness, socioeconomic
tatus, or social support may persist despite rigorous adjust-
ent for differences in baseline characteristics between
articipants and non-participants as provided by the pro-
ensity score methodology. Randomized trials would ad-
ress this question more directly in a contemporary MI
ohort but would be ethically problematic given the efficacy
f rehabilitation, and exercise in particular, on intermediate
ardiovascular end points (6).
The alternative explanation is that cardiac rehabilitation
s directly causal. The causal link between cardiac rehabili-
ation and survival is supported by the consistency of the
ata pointing to a protective effect and by biologic plausi-
ility given the efficacy of exercise-based interventions on
hysiologic cardiovascular end points (6). The analytical
teps discussed earlier that attest to the robustness of the
resent data, also support causality. Although we cannot
xclude that residual confounding may still partially influ-
nce the magnitude of the protective association between
ehabilitation and survival, the main goal of this report is to
nderscore the current underuse, with marked superim-
osed disparities, of a process of care associated with survival
enefits.
The strengths of our study include the well-defined,
igorously ascertained cohort of incident MI. Furthermore,
he present data apply to a geographically defined popula-
ion as opposed to most previous studies examining partic-
pation in rehabilitation, which used surveys or interviews
8–10). Thus, the results presented herein are less subject to
urvivor bias leading to enhanced external validity. As the
uasi-totality of the population had health insurance, access
o care—an important potential confounder in analyses of realth care delivery—is unlikely to explain the present
esults (44). Rigorous propensity score methods (49) and
areful adjustment approaches used to minimize selection
ias in the analysis are additional strengths.
Potential limitations need to be taken into consideration
hile interpreting the data. Although Olmsted County is
ecoming more diverse (13), its racial and ethnic composi-
ion during the study period may limit the generalization of
hese data to groups underrepresented in the population.
dds ratios are used to report the association between age
nd gender and the use of cardiac rehabilitation. Whereas
hese approximate the RR if the exposure is infrequent, such
s not the case in this cohort for participation in rehabilita-
ion, thus the ORs presented herein should not be inter-
reted as equivalent to RRs (50).
Despite rigorous analyses, the protective effect of reha-
ilitation on survival may still be in part confounded by
ndication as in any observational study. However, although
andomized clinical trial designs are optimal to assess the
fficacy of interventions, these are not always feasible,
articularly for care processes that are perceived as being
stablished such as cardiac rehabilitation. Furthermore,
tudies of geographically defined populations such as the
resent one complement clinical trials by including the
ntire spectrum of medical practice as opposed to more
elected trial participants (51). The propensity score method
sed herein offers methodological advantages over tradi-
ional multivariable adjustment (49) to minimize the effect
f residual confounding.
Although hyperlipidemia was positively associated with
articipation in rehabilitation, it must be kept in mind that
yperlipidemia was clinically defined in this cohort, thus the
tudy potentially underestimates the true prevalence of
yperlipidemia. Further studies will be needed to address
dherence rates to cardiac rehabilitation programs.
Although the use of aspirin and beta-blockers is seem-
ngly low in this cohort, several points should be mentioned.
irst, the percent use reported herein includes a broad time
ange (1982 to 1998). Our group has published elsewhere
he trends in medication use after MI (52), showing that use
f aspirin and beta-blockers has increased markedly in the
ast several years and currently approximates 88% and 73%
or aspirin and beta-blockers, respectively.
ONCLUSIONS
n this community-based cohort, approximately half of the
atients participated in cardiac rehabilitation after MI, and
he use of rehabilitation did not increase over time. There
ere disparities in participation, with women and elderly
ersons less likely to participate independent of other
easurable characteristics. Participation in rehabilitation
as independently associated with decreased mortality and
ower risk of recurrent MI after MI in both genders and all
ge groups, and its protective effect was stronger in more
ecent years. This suggests that increased participation in
c
a
R
M
E
R
1
1
1
1
1
1
1
1
1
1
2
2
2
2
2
2
2
2
2
2
3
3
3
3
3
3
3
3
3
3
4
4
4
4
4
4
995JACC Vol. 44, No. 5, 2004 Witt et al.
September 1, 2004:988–96 Cardiac Rehabilitation After MIardiac rehabilitation could lead to improved survival among
large proportion of patients with MI.
eprint requests and correspondence: Dr. Véronique L. Roger,
ayo Clinic, 200 First Street SW, Rochester, Minnesota 55905.
-mail: roger.veronique@mayo.edu.
EFERENCES
1. McGovern PG, Jacobs DR Jr., Shahar E, et al. Trends in acute
coronary heart disease mortality, morbidity, and medical care from
1985 through 1997: the Minnesota heart survey. Circulation 2001;
104:19–24.
2. Herlitz J, Dellborg M, Karlson BW, Karlsson T. Prognosis after acute
myocardial infarction continues to improve in the reperfusion era in
the community of Goteborg. Am Heart J 2002;144:89–94.
3. Roger VL, Jacobsen SJ, Weston S, et al. Trends in the incidence and
survival of patients with hospitalized myocardial infarction, Olmsted
County, Minnesota, 1979 to 1994. Ann Intern Med 2002;136:341–8.
4. Ryan TJ, Antman EM, Brooks NH, et al. 1999 update: ACC/AHA
guidelines for the management of patients with acute myocardial
infarction. A report of the American College of Cardiology/American
Heart Association Task Force on Practice Guidelines (Committee on
Management of Acute Myocardial Infarction). J Am Coll Cardiol
1999;34:890–911.
5. Mosca L, Appel LJ, Benjamin EJ, Berra K, Chandra-Strobos N.
Evidence-based guidelines for cardiovascular disease prevention in
women. Circulation 2004;109:672–92.
6. Ades PA. Cardiac rehabilitation and secondary prevention of coronary
heart disease. N Engl J Med 2001;345:892–902.
7. Thomas RJ, Miller NH, Lamendola C, et al. National survey on
gender differences in cardiac rehabilitation programs: patient char-
acteristics and enrollment patterns. J Cardiopulm Rehabil 1996;16:
402–12.
8. Ades PA, Waldmann ML, McCann WJ, Weaver SO. Predictors of
cardiac rehabilitation participation in older coronary patients. Arch
Intern Med 1992;152:1033–5.
9. Ades PA, Waldmann ML, Polk DM, Coflesky JT. Referral patterns
and exercise response in the rehabilitation of female coronary patients
aged 62 years. Am J Cardiol 1992;69:1422–5.
0. Evenson KR, Rosamond WD, Luepker RV. Predictors of outpatient
cardiac rehabilitation utilization: the Minnesota Heart Surgery Reg-
istry. J Cardiopulm Rehabil 1998;18:192–8.
1. Oldridge NB, Guyatt GH, Fischer ME, Rimm AA. Cardiac rehabil-
itation after myocardial infarction: combined experience of random-
ized clinical trials. JAMA 1988;260:945–50.
2. O’Connor GT, Buring JE, Yusuf S, et al. An overview of randomized
trials of rehabilitation with exercise after myocardial infarction. Cir-
culation 1989;80:234–44.
3. U.S. Census Bureau. 2000 Census. http://factfinder.census.gov. Ac-
cessed July 15, 2004.
4. Kurland LT, Elveback LR, Nobrega FT. Population Studies in
Rochester and Olmsted County, Minnesota, 1968–1990. The Com-
munity as an Epidemiologic Laboratory; A Casebook of Community
Studies. Baltimore, MD: Johns Hopkins Press, 1970:47–70.
5. Melton L Jr. History of the Rochester Epidemiology Project. Mayo
Clin Proc 1996;71:266–74.
6. Carleton R. Trends and determinants in coronary heart disease
mortality: future prospects and projections. In: Higgins MW, Luepker
RV, editors. Trends in Coronary Heart Disease Mortality: The
Influence of Medical Care. New York, NY: Oxford University Press,
1988:270–5.
7. White AD, Folsom AR, Chambless LE, et al. Community surveil-
lance of coronary heart disease in the Atherosclerosis Risk In Com-
munities (ARIC) study: methods and initial two years’ experience.
J Clin Epidemiol 1996;49:223–33.
8. Roger VL, Killian J, Henkel M, et al. Coronary disease surveillance in
Olmsted County: objectives and methodology. J Clin Epidemiol
2002;55:593–601.
9. Prineas R, Crow R, Blackburn H. The Minnesota Code Manual of
Electrocardiographic Findings. Littleton, MA: John Wright-PSG
Inc., 1982.0. Charlson ME, Pompei P, Ales KL, MacKenzie CR. A new method of
classifying prognostic comorbidity in longitudinal studies: develop-
ment and validation. J Chronic Dis 1987;40:373–83.
1. Williams MA, Fleg JL, Ades PA, et al. Secondary prevention of
coronary heart disease in the elderly (with emphasis on patients 
or  75 years of age): an American Heart Association scientific
statement from the Council on Clinical Cardiology Subcommittee
on Exercise, Cardiac Rehabilitation, and Prevention. Circulation
2002;105:1735– 43.
2. Raine R, Hutchings A, Black N. Is publicly funded health care really
distributed according to need? The example of cardiac rehabilitation in
the UK. Health Policy 2003;63:63–72.
3. Marcuccio E, Loving N, Bennett SK, Hayes SN. A survey of attitudes
and experiences of women with heart disease. Women’s Health Issues
2003;13:23–31.
4. Daly SC, Roger VL, Leibsen C, et al. Cardiology services after stress
testing: are there sex differences? J Clin Epidemiol 2000;53:661–8.
5. Roger VL, Farkouh ME, Weston SA, et al. Sex differences in
evaluation and outcome of unstable angina. JAMA 2000;283:646 –
52.
6. Tobin JN, Wassertheil-Smoller S, Wexler JP. Sex bias in considering
coronary bypass surgery. Ann Intern Med 1987;107:19–25.
7. Shaw LJ, Miller DD, Romeis JC, Kargl D, Younis LT, Chaitman BR.
Gender differences in the noninvasive evaluation and management of
patients with suspected coronary artery disease. Ann Intern Med
1994;120:559–66.
8. Ayanian JZ, Epstein AM. Differences in the use of procedures
between men and women hospitalized for coronary heart disease.
N Engl J Med 1991;325:221–5.
9. Steingart RM, Packer M, Hamm P. Sex differences in the manage-
ment of coronary artery disease. Survival and Ventricular Enlargement
Investigators. N Engl J Med 1991;325:226–30.
0. Healy B. The Yentl syndrome. N Engl J Med 1991;325:274–6.
1. Ades PA, Maloney A, Savage P, Carhart RL. Determinants of
physical functioning in coronary patients’ response to cardiac rehabil-
itation. Arch Intern Med 1999;159:2357–60.
2. Mathes P. Exercise and physical therapy in elderly, more severely
incapacitated patients in cardiac rehabilitation. Coron Artery Dis
1999;10:33–6.
3. Lavie CJ, Milani RV, Littman AB. Benefits of cardiac rehabilitation
and exercise training in secondary coronary prevention in the elderly.
J Am Coll Cardiol 1993;22:678–83.
4. Lavie CJ, Milani RV. Benefits of cardiac rehabilitation and exercise
training in elderly women. Am J Cardiol 1997;79:664–6.
5. Limacher MC. Exercise and rehabilitation in women: indications and
outcomes. Cardiol Clin 1998;16:27–36.
6. Franklin BA, Bonzheim K, Gordon S, Timmis GC. Safety of
medically supervised outpatient cardiac rehabilitation exercise therapy:
a sixteen year follow-up. Chest 1998;114:902–6.
7. Greenland P, Chu JS. Efficacy of cardiac rehabilitation services. Ann
Intern Med 1988;109:650–3.
8. Forman DE, Farquhar W. Cardiac rehabilitation and secondary
prevention programs for elderly cardiac patients. Clin Geriatr Med
2000;16:19–29.
9. Lavie CJ, Milani RV. Cardiac rehabilitation and preventive cardiology
in the elderly. Cardiol Clinics 1999;17:233–42.
0. Mattson AS, Ryden L, Unden AL, Nordlander R. Improved physical
fitness and quality of life following training in elderly patients after
acute coronary events. Eur Heart J 1999;20:1475–84.
1. Shiran A, Kornfeld S, Zur S, et al. Determinants of improvements in
exercise capacity in patients undergoing cardiac rehabilitation. Cardiol
1997;88:207–13.
2. Squires RW, Gau GT, Miller TD, Allison TG, Lavie CJ. Cardiovas-
cular rehabilitation: status, 1990. Mayo Clin Proc 1990;65:731–55.
3. Yu CM, Lau CP, Cheung BMY, et al. Clinical predictors of morbidity
and mortality in patients with myocardial infarction or revasculariza-
tion who underwent cardiac rehabilitation, and importance of diabetes
mellitus and exercise capacity. Am J Cardiol 2000;85:344–9.
4. Jacobsen SJ, Guess HA, Panser L, et al. A population-based study of
health care-seeking behavior for treatment of urinary symptoms: the
Olmsted County Study of Urinary Symptoms and Health Status
Among Men. Arch Family Med 1993;2:729–35.
5. Mosca L, Jones WK, Kings KB, Ouyang P, Redberg RF, Hill MN.
Awareness, perception, and knowledge of heart disease risk and
44
4
4
5
5
5
996 Witt et al. JACC Vol. 44, No. 5, 2004
Cardiac Rehabilitation After MI September 1, 2004:988–96prevention among women in the United States. American Heart
Association Women’s Heart Disease and Stroke Campaign Task
Force. Arch Family Med 2000;9:506–15.
6. Heller RF, Knapp JC, Valenti LA, Dobson AJ. Secondary prevention
after acute myocardial. Am J Cardiol 1993;72:759–62.
7. Siegel D, Grady D, Browner WS, Hulley SB. Risk factor modification
after acute myocardial infarction. Ann Intern Med 1988;109:213–8.
8. Wenger NK, Froelicher ES, Smith LK. Cardiac rehabilitation as
secondary prevention. Agency for Health Care Policy and Research
and National Heart, Lung, and Blood Institute. Clin Pract Guidel
Quick Ref Guide Clin 1995:1–23.9. Rubin DB. Estimating causal effects from large data sets using
propensity scores. Ann Intern Med 1997;127:757–63.
0. Hennekens CH, Buring JE. Measures of disease frequency and
associations. In: Mayrent SL, editor. Epidemiology in Medicine.
Boston, MA: Little Brown and Company, 1987:54–100.
1. Lindsted KD, Fraser GE, Steinkohl M, Beeson WL. Healthy volun-
teer effect in a cohort study: temporal resolution in the Adventist
Health Study. J Clin Epidemiol 1996;49:783–90.
2. Perschbacher JM, Reeder GS, Jacobsen SJ, et al. Evidence-based
therapies for myocardial infarction: secular trends and determinants of
practice in the community. Mayo Clin Proc 2004;79:983–91.
